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Abstract
This paper evaluates the probit forecasting model of recession, augmented with the economic 
policy uncertainty （EPU） index, with monthly data. We compute the marginal eﬀ ects of the ﬁ nan-
cial variables and the EPU indexes on the occurrence of recession, ﬁ nding that some of the vari-
ables have non-negligible forecasting ability of recession. The probit forecasting model, however, 
does not performs better than a model with a constant alone, particularly, out of sample. This ﬁ nd-
ing is at odds with others studies using quarterly data.
Keywords
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1 Introduction
Uncertainty about the future affects eco-
nomic decisions today since there is an option 
value to postpone economic decisions. Facing 
uncertainty in their lives, households and 
firms prefer to suspend durable goods con-
sumption, ﬁ xed investment and hiring, which 
are partially irreversible due to transaction 
and adjustment costs （Bernanke （1983）, 
Brennan and Schwartz （1985）, Macdonald 
and Siegel （1986）, and Dixit and Pyndyck 
（1994））. They look at making economic deci-
sions as exercising “real options”. If their fu-
ture income and sales growth are uncertain, 
they prefer to delay making decisions to avoid 
irreversible mistakes. The value of options 
they hold, thus, rises with uncertainty.
Households and ﬁ rms facing increased un-
certainty ‘wait and see’ （Bernanke （1983））. 
The life-cycle models of consumption and sav-
ing imply that risk-averse households under 
uncertainty increase precautionary saving 
and decrease current consumption; consump-
tion growth recovers and accelerates thereaf-
ter （Leland （1968）, McDonald and Siegel 
（1986）, Skinner （1988）, Deaton （1989）, Dixit 
and Pindyck （1994）, Bertola et al. （2005））. 
Firm also delay investment and hiring since it 
is physically and ﬁ nancially diﬃ  cult to reverse 
investment and hiring decisions. Uncertainty 
shocks, thus, weaken firms’ appetite for in-
vestment and hiring （Nickell （1986）, Ramey 
and Shapiro （2001）, Cooper and Haltiwanger 
（2006）, Bloom （2009）, Schaal （2010）, and 
Kang, Lee and Ratti （2014））.
In aggregate economy, these ‘wait and see’ 
behaviors of households and ﬁ rms can gener-
ate boom-bust cycles. Using a parameterized 
model, Bloom （2009） shows that uncertainty 
shocks produce rapid drop and recovery in 
output and employment. Empirical studies 
also ﬁ nd the links between uncertainty shocks 
and macroeconomic outcomes （Romer （1990）, 
Engle and Rangel （2008）, Bloom （2009）, Born 
and Pfeifer （2013）, Fernandez-Villaverde et al. 
（2011）, Handley and Limao （2012）, Jones and 
－ 18 －
Data Frequency and Recession Forecasting : An Evaluation of the Probit Forecasting Model 
with Monthly Data
（Kazutaka Kurasawa）
Olson （2013） and Novy and Taylor （2014））. 
These studies suggest that uncertainty can 
be a useful predictor of economic cycle.
Uncertainty is, however, a variable that is 
diﬃ  cult to objectively measure since it relates 
to expectations on how future events will un-
fold over time. In ﬁ nancial markets, investors 
see volatility indexes, such as the Chicago 
Board Option Exchange’s VIX index, as indi-
cators of uncertainty. In the econometric liter-
ature, many alternative measures have been 
proposed. At the micro level, cross-sectional 
variations of product growth, product price 
and stock return are used as proxy variables. 
At the macro level, uncertainty is proxied by 
the volatilities of ﬁ nancial markets and output 
growth （see Bloom （2014） for the survey of 
studies using these measures for micro and 
macro uncertainty）. Recent studies also apply 
text search methods to yield less subjective 
proxies for uncertainty （Alexoupoulos and 
Cohen （2015）, Boudoukh et al .  （2013）, 
Gentzkow and Shapiro （2010）, and Hoberg 
and Phillips （2010））. Among others, Baker et 
al. （2013, 2016） have developed the economic 
policy uncertainty （EPU） index for the 
United States and some other countries. The 
EPU index is mainly based on the relative fre-
quency of key words that appear in major 
newspapers. Recent econometric studies use 
the EPU index as a proxy variable for uncer-
tainty, and investigate the links between the 
EPU index and economic outcomes.
Using the EPU index, some studies evaluate 
the ability of the EPU index to predict when 
recession occurs. Karnizova and Li （2014）, for 
example, apply the probit model with the 
EPU index in combination with ﬁ nancial vari-
ables. Since Estrella and Mishkin （1998）, fi-
nancial variables, such as interest rate 
spreads, stock returns and stock market vola-
tility, have been found useful as leading indi-
cators of recession. Karnizova and Li （2014） 
assess the marginal forecasting ability of the 
EPU index beyond the financial variables. 
Their in-sample and out-of-sample analyses 
suggest that the EPU index is statistically and 
quantitatively signiﬁ cant in forecasting US re-
cession.
This paper extends Karnizova and Li 
（2014） and evaluate the possible use of the 
EPU indexes of policy category in the probit 
forecasting model. Baker et al. （2013, 2016） 
release nine category-specific EPU indexes - 
monetary policy, taxes, government spending, 
health care, national security, entertainment 
program, regulation, trade policy and severing 
debt and currency crisis ‒ on monthly basis. 
We utilize the information from these speciﬁ c 
policy areas and assess the potential value of 
the category-speciﬁ c EPU indexes. Although 
the overall EPU index is found statistically 
signiﬁ cant in explaining the probability of re-
cession, it is not plausible that all the policy 
categories are equally signiﬁ cant in predicting 
future recession. This paper quantifies the 
relative significance of the category-specific 
EPU indexes in predicting US recessions.
The rest of the paper is organized as fol-
lows. In the next section, we describe the pro-
bit forecasting model and the criteria used to 
perform the predictive tests of the category-
specific EPU indexes. In this paper, we esti-
mate the marginal eﬀ ects of the EPU indexes 
on the recession probability and apply two ﬁ t 
measures to evaluate the in-sample and out-of-
sample forecasting performance of the EPU 
indexes. The third section lists variables and 
describes data used in the analysis. The 
fourth section presents in-sample and out-of-
sample results. The last section concludes
2 The Probit Forecasting Model
Since Estrella and Mishkin （1998）, the pro-
bit model with ﬁ nancial variables have been 
widely applied to quantify the probability of 
future recession and test the forecasting per-
formance of the variables. Financial variables, 
such as term spread, corporate spread, stock 
returns and volatility, have been found useful 
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in predicting future economic activities （see 
Wheelock and Wohar （2009） for the survey）. 
Using this framework, we quantitatively eval-
uate the marginal predictive power of the 
nine category-specific EPU indexes beyond 
the ﬁ nancial variables.
The probit forecasting model ﬁ rst assumes 
that there is a linear relationship between an 
unobserved index that determines the occur-
rence of recession and explanatory variables:
Y Xt h t t＝ ＋＋ b el （1）
where Yt＋h is an unobservable index that 
determines whether the economy is in reces-
sion at time t＋h, Xt is a vector of explanatory 
variables including one of the EPU indexes 
and the financial variables at time t, b is a 
vector of ﬁ xed coeﬃ  cients, et is a random vari-
able. The binominal recession indicator Rt＋h is 
deﬁ ned as
,
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The probability of recession P（Rt＋h＝1） is 
assumed to be in the form of the cumulative 
normal distribution
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where z is the standard normal distribu-
tion. With the historical data of Rt＋h and Xt , 
we estimate the model by maximizing the 
likelihood function
L F X F X1
01 t tRR t ht h
＝ －＝＝ ＋＋ b bl l_ _i i7 A%%
（4）
The coeﬃ  cients in b represent the marginal 
eﬀ ects of Xt on the unobserved index Yt＋h , or 
bi＝2Yt＋h 2Xi, t , where bi is the ith element 
of the vector b and Xi, t is the ith independent 
variable in Xt . We are, however, more inter-
ested in the marginal effects of Xi, t on the 
probability of recession P（Rt＋h＝1）
P /R X X X1 ,t h t i t t i＝ ＝＋2 2 z b bl_ _i i （5）
Since （5） is conditional on the value of Xt , 
the marginal eﬀ ects are often evaluated at the 
mean X̅:
P /R X X X1 ,t h i t i＝ ＝＋2 2 z b b $l_ ^i hr r （5）'
We also assess the predictive power of the 
category-speciﬁ c EPU indexes in terms of the 
in-sample and out-of-sample measures of fit. 
Many fit measures have been proposed for 
probit and other binary choice models. In this 
paper, we use the so-called pseudo R 2 devel-
oped by Estrella’s （1998）
ln
ln
L
L1
0
2/n lnL0
－
－d ^n h （6）
where L is the unconstrained maximum 
value of the likelihood function, L0 is the maxi-
mum value of the likelihood function under 
the constraint that all the coefficients in the 
vector b are zero, and n is the number of ob-
servations in the sample. This likelihood ratio 
index intuitively corresponds to the widely 
known coefficient of determination, or R 2, in 
linear regression analysis. In in-sample estima-
tion, the pseudo R 2 is constructed to be 
bounded between zero and one. Out of sam-
ple, it can be less than zero; if it is negative, 
the model with explanatory variables per-
forms worse than the model with a constant 
alone.
An alternative fit measure that is more 
linked to forecasting performance has been 
suggested by Ben-Akiva and Kerman （1985）, 
Lerman （1985）, Kay and Little （1986）:
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where  （R t＋h＝1|X t） is the predicted 
probability of recession at time t＋h condi-
tional on Xt . This computes the average prob-
ability of correct prediction made by a ﬁ tted 
model.
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3 Data
The overall EPU index is constructed from 
three components: news coverage, federal tax 
code expiration data, and economic forecaster 
disagreement. The first component of the 
EPU index reﬂ ects how many articles contain 
the triple of key words ‒ （1） “economic” or 
“economy”, （2） “uncertain” or “uncertainty”, 
and （3） one or more of “deficit”, “Federal 
Reserve”, “legislation”, “regulation” or “White 
House” ‒ in ten leading newspapers. The sec-
ond component utilizes the Congressional 
Budget Office （CBO）’s reports that list the 
expiration dates of temporary federal tax pro-
visions, assuming that temporary tax mea-
sures create uncertainty for businesses and 
households. The third component draws upon 
the Federal Reserve Bank of Philadelphia’s 
Survey of Professional Forecasters, measuring 
the dispersion in the forecasts of the consum-
er price index （CPI） and the purchases of 
goods and services by the federal, state and 
local governments. After these components 
are individually collected each month and in-
dexed over the period starting in January of 
1985, the monthly EPU index is constructed 
by aggregating the components. Technical de-
tails are explained in Baker et al. （2016）, and 
the data sets are downloaded from their web 
site1.
Baker et al. （2016） also release the nine cat-
egory-specific EPU indexes. They use over 
2,000 US newspapers in the Access World 
News. Each of the category-specific EPU in-
dexes requires categorical policy terms as 
well as the triple of the key words used to 
construct the overall EPU index. The EPU in-
dex of monetary policy, for example, reﬂ ects 
how many articles contain the three key 
words and one of category-specific terms, 
such as “federal reserve”, “money supply”, 
“discount window” and so on. The list of cate-
gorical policy terms is on the web site of 
Baker et al.
For the financial variables, we source the 
data series from the FRED of the Federal 
Reserve Bank of St. Louis2. Following Estrella 
and Mishkin （1998）, we use the term and cor-
porate spreads, the stock returns and the 
stock market volatility. The term spread 
（TERM） is deﬁ ned as the diﬀ erence between 
the 10-year and 3-month Treasury yields. The 
corporate spread （CORP） is the Aaa corpo-
rate bond yield minus the 10-year Treasury 
yield. The stock return （RETURN） is calcu-
lated as the log difference of the S&P index 
from the previous month. The stock market 
volatility （VOL） is the predicted value from 
the generalized autoregressive conditional 
heteroscedasticity （GARCH） model. The 
GARCH（1, 1） model is estimated with the 
log diﬀ erence of the S&P index.
The sample covers the period from January 
1985 to April 2016. Figures 1 plot the EPU in-
dexes and the ﬁ nancial variables in the sam-
ple period. The overall EPU index shows 
spikes around the periods of recession, the 
September 11 attack in 2001, the invasion of 
Iraq in 2003, the Global Financial Crisis of 
2007 -2008  and the  subsequent  Great 
Recession. Some, but not all, of the category-
speciﬁ c EPU indexes co-move with the overall 
EPU index.
Tables 1 provide the descriptive statistics 
of the variables and the contemporaneous cor-
relations. The overall EPU index is highly cor-
related with the category-specific indexes of 
monetary policy, taxes, government spending 
and regulation. The ﬁ nancial variables are not 
highly correlated with any other variables.
4 Empirical Results
In this analysis, the linear relationship （1） 
is speciﬁ ed as
1 http://www.policyuncertainty.com/.
2 https://fred.stlouisfed.org/. 
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Figures 1:  The EPU indexes and the financial variables with the shaded NBER recession 
months 
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Yt＋h ＝b0＋b1EPUt＋b2TERMt＋b3CORPt
＋b4RETURNt＋b5VOLt＋et
（1）’
where EPUt is one of the EPU indexes at 
time t. We ﬁ rst estimate the models from the 
whole sample by maximizing the log likeli-
hood function （4） for forecast horizons from h
＝1 to h＝60.
Under the assumption that the EPU index-
es increase by one standard deviation at h＝0, 
Figures 2 plots the estimated marginal eﬀ ects 
of the EPU indexes on the recession probabili-
ty （5）', along with the 95% conﬁ dence bands, 
from h＝1 to h＝60. The robust standard er-
rors developed by Estrella and Rodrigues 
（1998） are used to compute the confidence 
bands.
The marginal eﬀ ects of the overall EPU in-
dex are positive and statistically significant 
from h＝1 to h＝5. Thus, an increase in the 
overall EPU signals higher recessions proba-
bility for five months ahead. This finding is 
consistent with Karnizova and Li （2014）, who 
find that the recession probability rises for 
next two quarters after an adverse shock 
shifts up the overall EPU index. In quantita-
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Tables 1: Descriptive Statistics and Contemporaneous Correlation
Descriptive Statistics
mean median minimum maximum standard deviation
EPU - Overall 107.76 100.43 57.2 245.13 32.1
EPU - Monetary Policy 94.18 77.44 16.57 407.94 58
EPU - Taxes 103.15 81.04 24.44 409.29 63.46
EPU - Government Spending 105.84 79.56 5.78 635.27 98.55
EPU - Health Care 114.25 85.29 6.86 568.71 89.33
EPU - National Security 93.08 70.97 23.74 758.26 79.49
EPU - Entertainment Program 108.8 84.22 11.05 527.59 83.7
EPU - Regulation 104.97 92.15 28.19 384.39 54.31
EPU - Trade Policy 91.46 60.06 0 1094.16 106.21
EPU - Soverign Debt / Currency Crisis 114.21 46.39 0 1502.38 197.22
TERM 1.83 1.96 －0.7 3.69 1.12
CORP 1.35 1.34 0.44 2.68 0.48
RETURN 0.65 1.06 －24.54 12.38 4.38
VOL 2.1 2.06 2.04 3.13 0.1
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1. EPU - Overall 1.00
2. EPU - 
Monetary Policy 0.79 1.00
3. EPU - Taxes 0.87 0.56 1.00
4. EPU - Govern-
ment Spending 0.80 0.56 0.80 1.00
5. EPU - 
Health Care 0.59 0.24 0.76 0.62 1.00
6. EPU - 
National Security 0.69 0.68 0.52 0.44 0.23 1.00
7. EPU - Enter-
tainment Program 0.64 0.39 0.79 0.72 0.84 0.32 1.00
8. EPU - 
Regulation 0.72 0.40 0.71 0.57 0.71 0.37 0.62 1.00
9. EPU - 
Trade Policy 0.19 0.15 0.06 0.08 0.09 0.12 0.02 0.10 1.00
10. EPU - Soveri-
gn Debt and 
Currency Crisis
0.25 0.23 0.23 0.27 0.21 －0.03 0.27 0.20 0.08 1.00
11. TERM 0.34 0.10 0.34 0.24 0.35 0.22 0.20 0.33 0.12 －0.07 1.00
12. CORP 0.31 0.16 0.44 0.18 0.53 0.13 0.44 0.42 －0.18 0.09 0.30 1.00
13. RETURN －0.16 －0.19 －0.10 －0.09 －0.06 －0.08 －0.06 －0.13 0.01 0.00 －0.06 －0.10 1.00
14. VOL 0.28 0.25 0.19 0.20 0.07 0.13 0.12 0.22 －0.03 0.08 0.05 0.22 －0.08 1.00
mean median minimum maximum standard deviation
EPU - Overall 107.76 100.43 57.2 245.13 32.1
EPU -Monetary Policy 94.18 77.44 16.57 407.94 58
EPU - Taxes 103.15 81.04 24.44 409.29 63.46
EPU - Government Spending 105.84 79.56 5.78 635.27 98.55
EPU - Health Care 114.25 85.29 6.86 568.71 89.33
EPU - National Security 93.08 70.97 23.74 758.26 79.49
EPU - Entertainment Program 108.8 84.22 11.05 527.59 83.7
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tive terms, the overall EPU index raises the 
recession probability by roughly four percent-
age points at the maximum at h＝1. The mar-
ginal eﬀ ects reverse the signs after h＝6 and 
remain negative until h＝60, which indicates 
that the overall EPU index lowers the reces-
sion probability in the long run.
For the category-specific EPU indexes of 
monetary policy, taxes, national security and 
regulation, the marginal effects are positive 
and statistically significant in the short run. 
These results demonstrate the marginal sig-
nificance of these policy categories beyond 
the financial variables. The marginal effects 
are around two to three percentage points at 
the maximum, which are slightly smaller than 
those of the overall index. The sign reversals 
are also found in Figures 2. The marginal ef-
fects become negative around h＝10 and re-
main statistically significant in the long run. 
The sign reversals are consistent with what 
Bloom （2009） describes as “boom-bust” dy-
namics of macroeconomic outcomes to uncer-
tainty shocks. In his parameterized model, an 
uncertainty shock triggers a recession, which 
is followed by a recovery. Thus, these EPU 
indexes help predict recession and subsequent 
recovery. The other five category-specific 
EPU indexes are statistically insignificant in 
the short run. These variables, thus, have lit-
tle information about the occurrence of reces-
sion that have not already been incorporated 
EPU - Regulation 104.97 92.15 28.19 384.39 54.31
EPU -Trade Policy 91.46 60.06 0 1094.16 106.21
EPU - Soverign Debt / Currency Crisis 114.21 46.39 0 1502.38 197.22
TERM 1.83 1.96 －0.7 3.69 1.12
CORP 1.35 1.34 0.44 2.68 0.48
RETURN 0.65 1.06 －24.54 12.38 4.38
VOL 2.1 2.06 2.04 3.13 0.1
Contemporaneous Correlation
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1. EPU - Overall 1.00
2. EPU - 
Monetary Policy 0.79 1.00
3. EPU - Taxes 0.87 0.56 1.00
4. EPU - Govern-
ment Spending 0.80 0.56 0.80 1.00
5. EPU - 
Health Care 0.59 0.24 0.76 0.62 1.00
6. EPU - 
National Security 0.69 0.68 0.52 0.44 0.23 1.00
7. EPU - Enter
tainment Program 0.64 0.39 0.79 0.72 0.84 0.32 1.00
8. EPU - 
Regulation 0.72 0.40 0.71 0.57 0.71 0.37 0.62 1.00
9. EPU - 
Trade Policy 0.19 0.15 0.06 0.08 0.09 0.12 0.02 0.10 1.00
10. EPU - Soveri-
gn Debt and 
Currency Crisis
0.25 0.23 0.23 0.27 0.21 －0.03 0.27 0.20 0.08 1.00
11. TERM 0.34 0.10 0.34 0.24 0.35 0.22 0.20 0.33 0.12 －0.07 1.00
12. CORP 0.31 0.16 0.44 0.18 0.53 0.13 0.44 0.42 －0.18 0.09 0.30 1.00
13. RETURN －0.16 －0.19 －0.10 －0.09 －0.06 －0.08 －0.06 －0.13 0.01 0.00 －0.06 －0.10 1.00
14. VOL 0.28 0.25 0.19 0.20 0.07 0.13 0.12 0.22 －0.03 0.08 0.05 0.22 －0.08 1.00
経営情報学論集　第 24 号　2018.3
－ 25 －
Figures 2:  The estimated marginal eﬀ ects on the recession probabilityalong with the 95% conﬁ -
dence bands
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in the ﬁ nancial variables
Tables 2 reports the in-sample ﬁ t measures 
（6） and （7） for the diﬀ erent forecast horizons. 
For comparison, the tables also report the ﬁ t 
measures of the models with the financial 
variables alone as benchmarks. The models 
that outperform these benchmarks are in 
bold.
In Table 2.a, the pseudo R 2’s are all higher 
than the benchmarks as any additional vari-
able improves the coeﬃ  cient of determination. 
Table 2.b calculates the increments in the val-
ue of the pseudo R 2 after one of the EPU in-
dexes is added to the benchmark models. 
Table 2.b also reports the average increments 
in the short and long runs. The EPU indexes 
of national security, regulation, and sovereign 
debt and currency crisis predict recession rel-
atively well in comparison with the overall 
EPU index.
In Table 2.c, most, but not all, of the EPU 
indexes improve the probability of correct 
prediction, particularly in the long run. Table 
2.d presents the increments in the probability 
of correct prediction. The increments are not 
noticeably large since the benchmarks can 
predict recession with high probability even 
without any information from the EPU index-
es. Table 2.d also calculates the average incre-
ments in the short and long runs. As it is for 
the pseudo R 2, the EPU indexes of national 
security, regulation, and sovereign debt and 
currency crisis yield more accurate predic-
tions than the overall and other category-spe-
ciﬁ c EPU indexes.
Tables 3 summarize the out-of-sample fit 
measures （6） and （7） for the different fore-
cast horizons. In evaluating out-of-sample per-
formance, we recursively estimate the models 
and make predictions for the periods from 
January 1995 to April 2011.Tables 3.a and b 
show that almost all of the pseudo R 2’s are 
less than zero, which indicates that the probit 
forecasting models, including the benchmark 
models with the ﬁ nancial variables alone, are 
worse than a constant by itself. In comparison 
with the benchmark models, however, all the 
EPU indexes improve the pseudo R 2. In 
Tables 3.c and d, the models with and without 
the EPU indexes predict recession equally 
well. In the short run, some of the EPU index-
es increases the probability of correct predic-
tion by more than one percentage point. The 
differences are negligibly small in the long 
run.
5 Concluding Remarks
This paper has investigated the possible 
use of the category-specific EPU indexes to 
predict US recession. We have estimated the 
probit forecasting models to quantify the mar-
ginal signiﬁ cance of the EPU indexes beyond 
the financial variables. From the estimated 
marginal effects and in-sample results, the 
EPU indexes of national security and regula-
tion have been found relatively useful as pre-
dictors of recession. These category-specific 
measures of uncertainty provide information 
about the occurrence of recession that the ﬁ -
nancial variables do not contain.
One can speculate on economic reasons 
why national security and regulation can help 
predict future recession. Military spending, 
which accounts for a large share of the US 
economy, temporarily shifts aggregate de-
mand upward and generate boom-bust cycles 
（F -de -Co rdoba  and  To r r e s  （2016））. 
Regulatory uncertainty, such as the enforce-
ment of antitrust law, dampen appetite for 
business investment and slows economic 
growth （Bittlingmayer （2001））. The links be-
tween these speciﬁ c policy areas and macro-
economic aggregates should be examined 
more in detail in further studies.
In concluding, the limitations of this study 
should be borne in mind. In this study, the 
probit models, with and without the EPU in-
dexes, cannot predict recession more accu-
rately than a constant by itself. Kanizova and 
Li （2014） reports better results from the pro-
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Data Frequency and Recession Forecasting : An Evaluation of the Probit Forecasting Model 
with Monthly Data
（Kazutaka Kurasawa）
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bit forecasting models on quarterly basis. 
Further studies are needed to examine why 
data frequency aﬀ ects the forecasting perfor-
mance.
Another limitation is that the EPU index 
has been used as a proxy variable for policy 
uncertainty. The index is, however, not a di-
rect measure of policy uncertainty, drawing 
only upon newspaper coverage. Thus, it can-
not be denied that the index is a weak proxy 
measuring other risk factors. This limitation 
should be overcome through methodological 
improvements.
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